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ON THE TRA 

The technical press hiu? can 
cently several letters* and article 
Doppler-shift inejisurements of tl 
tran.sml8.sion from the satellites 5 
1 and Sputnik II and the calcuh 
slant height direc*tly from the fre 
shift data. 

Thi.s article discusses a .similn 
measurements and certain refill 
in the handling of the data, whh 
used to predict the path of the t 
and its time of transit for use 
local Moon-Watch group. 

The measurements describes 
were made by two members of 11 
eral Radio engineering stall, 
Byers and R. J. Ruplenas, who 
nl.so to l>e raiiio “hams.” Fror 
measur<‘meiits, it has been |)osj 
calculate the distances of cIos< 
proach for each ob.served transit 
satellite. As one ean note from the 
times of traiusit, the whole proji 
e.xtracurricular, undertaken in t 
amateur spirit. 

Since the satellites trjivel at 
18,000 miles |M»r hour, the total I 
shift at 20 Me is over HKK) cps, 
40 Me it is over 20(X) cps. 'PI 
listening to the receive<l sigiu 
a suitable reference o.st*illator 
against it, one can 1 k‘iu' and nnnt.'* 
<*hange in lieat fre<piency as the t 
goes by. .Simple Hpiipment is a( 
for this miniHUrement. Byers ai 
plenas usimI harinotiics of quartz-* 
controlletl os4dllators for the re 
signals at 20 Me and 40 Me 
measured the audio lieat tone b 
paring it with a stable, calibrate 
oscillator set to multiples of 
noting the times of coincidence i 

*l4>tteiv to tho Ktlitor fmm tho Mnroln I 
M.I.T.. And tho .StAnford KmcArrh Inktitutr ■ 
the Snvetnher, lO.'iT. iM>u« .4 PreerMimf *\f tk 
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DECEMBER, 1957 


ON THE TRACKING OF SATELLITES 


The technical press has carried re- 
cenlly several lettei*s* and articles about 
Doppler-shift measurements of the radio 
transmission from the satellites Sputnik 
I and Sputnik 11 and the calculation of 
slant height directly from the frequency 
shift data. 

This article discu.s.ses a similar set of 
measurements ami certain refinements 
in the handling of the data, which were 
used to predict the path of the satellite 
and its time of transit for u.se by the 
local Moon-Watch group. 

The measurements described here 
were made by two moml)ers of the Gen¬ 
eral Radio engineering staff, W. F. 
Byers and R. .1. Ruplenas, who happen 
also to be radio ^‘hams.” From their 
mea.suremeiits, it has bcnni po.ssible to 
<*alculate the distances of closest ap¬ 
proach for each ol)served transit of the 
satellite. As one can note from the (pioted 
times of transit, the whole project was 
extracurricular, undertaken in the true 
amateur spirit. 

Since the satellites travel at almost 
18,000 miles j)er hour, the total Doppler 
shift at 20 Me is over 1000 cj)s, and at 
40 Me it is over 2000 cps. Thus, by 
listening to the received signal with 
a suitable reference oscillator beating 
against it, one can hear and m(‘asure the 
change in beat frerpiency as the satellite 
goes by. Simple equipment is adequate 
for this measurement. Byei-s and Ru¬ 
plenas u.sed harmonics of quartz-crystal- 
controlled o.scillators for the reference 
signals at 20 Me and 40 Me. They 
mea.sured the audio beat tone by com¬ 
paring it with a stable, (?alil)rated audio 
oscillator set to multiples of 50 cps, 
noting the times of coincidence in terms 

to thr Kditor from the Linrohi 
M.IT,, and the .Stanford lIcM.'areh liic^tituto Bppeured in 
the November. I9.i7, IsHue of PrtKmlino* the IRK. 



Figure 1. Measured frequency shift of signal from 
Sputnik I. 


of clocks standardiztKi against WWV 
t ime signals. More elaborate techniques 
using tape recordei's were con.sidered, 
but this simple techniciut' was suffi¬ 
ciently good to give useful n^sults. 

The simple Doppler etpiat ion used for 
the calculation of distance is based on 
straight-line motion and is: 



where 

A/ is the frequency shift 
V is the velocity of the satellite 
c is the velocity of light 
/o is the mean fre(|uency of the 
observed signal 

A/ is the time relative to the time 
of closest approach 

D is the distance of closest ap¬ 
proach (slant range). 

This equation can be analyzed to find 
the distance in terms of the total fre¬ 
quency shift and of the rate of change 
of frequency at the time of closest ap¬ 
proach.* But, in order to obtain good 
accuracy from the data, .some refine¬ 
ments were introduced. 

*Thi« j>romlurc is dfMoribfKl in tlio Irttcrs of Rofvronre I. 
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'Hu* plottwl results of one moiisure- 
nicnt on tlu* signal from Sputnik I are 
shown In Figure 1. The ohservcnl frc'- 
(|uency shifttnl downward as the sjitellite 
passini by almost overhead. The total 
shift of about 1000 cps at 20 Me indieates 
a velocity of about 10,700 miles per hour 
on the basis of the simple Doppler calcu¬ 
lations. The actual velocity was higher, 
and the deviation is account( hI for by 
the curved path of the satellit«‘. varia¬ 
tion in propagation paths, and difficul- 
li(‘s in measuring the weak signal when 
the satellite* was over KXX) miU^s away. 

The velocity of the satellite is one of 
the factors in the calculation of distance, 
'riie indicated velocity is close i*nough 
to the true velocity so that a fair esti¬ 
mate of distance can be obtaincMl using 
that figure. I'he distances that will be 
quoted, however, are luused on an (*sti- 
mate of actual velocity (assuming un- 
dlsturlMHl motion and negle<*ting jht- 
lurbations) obtained by use of Kepler’s 
“third law”* for the p<*ri(Kl of an ellip¬ 
tical orbit and by use of the equation for 
the velo<*ity at any point in an orbit 
about lh(‘ earth. Such an estimate* is 
|)robably close (‘iiough to the true value 
so that the accuracy of distance calcu¬ 
lation is limited by the accuracy of other 
measurements. 

'rin* .‘^‘inimajor axis, a, of the elli|>- 
tical orbit of an earth satellite is oIk 
tuin«*<| from the equation: 


a* 


4ir* 


( 2 ) 


where g is the acceleration of gravity 
R,. is the* radius of the earth 
T is the period of the orbit. 


Ihinl Inw »lnt«*a that "tli^ of p<*riocia of 

circulation nntun*! the ^un of the several planota are in 
the MHic ratio* a« the cuIk» their mean ilh«tBuc»t».*' 
This aaa nrst fnrinulnted by Johann Kephr in 101(1 an<l 
piibli*he<l in his treatise, "Or Ilnniionirr MunHi.*' 


The period of the satellite is, therefore, 
essential for this calculation. One can 
<*asily tietermine this by listening and ^ 
noting the times of succ(*ssive transits, 
and then of transits one or more days 
apart to include many complete orbits. 
When minor corrections are made, the 
period can lie obtained to a high degi-ee 
of accuracy. 

'rhen the velocity, t\ at any point in 
an orbit of an c‘arth siitellite is obtained 
from 


where r is the distance from the center 
of tile nuuss of the ('arlh to the desiretl 
point in the satellite’s orbit. 

The value of r usihI in this equation 
was estimatfnl at first from the initial 
Doppler measurements to be the radius 
of the earth plus 2(K) mik*s. Sul)sc*quent 
Doppler m<‘iusurements then made it 
possible to refine this estimate. 

In order to utilize tin* values in the 
curved portion of the plotted relation 
between frequency and time, the tlusi- 
retical curv’e, cah iilateil from thesimph* 
DoppI<*r equation by use of the value of 
r obtained above, was littinl to the 
point.s. Since no Iarg(*-scale digital c«)m- 
puter was available for this extracur- 
ricuhu* calculation, tin* fitting was done 
in a pndiminary way graphically, and 
th(*n a final value of /) was obtaiiu»d 
from tlio numerical data by an averaging 
proce.ss. In general, the simple graphical 
fitting was adequate. 

The distance of nearest approach thus 
calculated from the <Iata representcsl 
on the graph is 151) miles, and the time 
of iu*an*st approach was I8:.>4:")1 E8T. 
Some other observations on Sputnik 1 
are as follows: 
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Time 

Distance 

Date 

(\eorest 

{Nearest 


Approach) 

Approach) 

10/17/57 

19.-09:30 EST 

410 niiIo.s 


20:-18 

8.50 

10/18/57 

19:05:12 

284 


20:43:42 

1040 

10/19/.57 

19:(X):15 

197 

10/‘20 57 

18:.54:51 

159 


a4:5<»u30 

1210 

10/21^57 

18:48:42 

230 


'Phe values for the closer transits are 
more accurate in both tinu* and distance 
than those for greater distances. We 
have not attempted a careful estimate 
of accuracy for thi*se |K)ints biH. for the 
l.')1>-mile distance, the consistency of 
the data is sufficiently gCMxl to lead to 
an estimate of i 2 miles as the probable 
accuracy, except, of coum*, for possible 
systematic errors ()r blunders. 

If one considers the transits at 19 
hours on succee<ling <lays, the |)ath 
shifted with resptvt to the jxiint of ol>- 
servation from east to west. On Oc¬ 
tober 20 it was almost overheml. The 
data of October 19 and ‘21 indicate that 
tm the ‘2nth it was actually west of the 
ob.servation point by alxiut ,30 mill's so 
that the elevation was about 1.50 miles. 


Similar data on Sputnik II are as 


follows: 


Distance 

Date 

Time 

{Nearest 
.1 pproach) 

11 4/.57 

00:24:24 EST 

^0 miles 

11 5/57 

fMi:.30i22 

02<t 

11 r» 57 

0t;:47:48 

87t) 

11 7^.57 

(M>:.58:.37 

11.37 


05:12.-(K) 

102 

Ib8/.57 

05:21 :,50 

317 


Kr(»m the relative motion of the ob¬ 
server and the path from day to tlay, oin* 
concludes that Sputnik II was almost 
directly overh(*ad at about KiO mile's 
1 ‘levationat the0.5:1*2 transit on 11 7 .57. 
Phe 05:01 tninsit on ll/()/.57 would 
have been inten*s1ing, but the earlier 
(lata iiulicatcHl that the supremt* effort 
^ of getting out of bed at this hotir should 
be made on 11/7/57, since then the 


satellite would be nearly overhead. 

The prediction of approximate transit 
tinn*s after two measurements have bmi 
obtained is sim|)le, bwause the period 
is then reasonably well known. Since 
the plane of the orbit is inclined with 
respect to the I'arth^s axis, however, 
corrections .should be made for the fact 
that the points of the orbit of neart*st 
approach for .successive transits do not 
correspond to e.xact intervals of one 
period. A similar correction is necf*s.siiry 
from day to day, becaitse of the relative 
shift of the orbit and the observer. 

The distances betwwn successive 
traii-sits can be list'd to obtain a rough 
estimate of the inclination of the orbit. 
.\ better t'stimate can be obtainisl by 
measurement of .satellite transits for 
l)oth directions of travel (providtsl one 
is not closi^ to the etpiator). In fact, if 
convenienci' and working hours did not 
have to be considered, it would be pos¬ 
sible to make at least four meiusureinc'iits 
every ‘24 hours. When enough data are 
then obtaiiHHl to find the altitude for 
both direi'tions of travel, the simple 
elliptical approximation to the orbit can 
be specified from measurements at one 
station. Naturally, better accuracy in 
specifying the orbit would be possible 
if data from stations at different latitudes 
were available. 

The task of Moon-Watch teams is 
made much ('asier by a knowledge of 
when the .satellite will be visible in a 
particular area and of the proper orienta¬ 
tion of the MtM)n-Watch telesitopes in 
terms of prcslictiHl azimuth and elev'at ion. 

The information derived from these 
Doppler-shift data was useii along with 
other information liy the Harvard 01)- 
servatory Mcnin-W atch team. 

The Doppler-shift measurements have 
the advantage over visual sighting.s 
that they can be obtained regularly 
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without regard to atmosplierie coudi- batteries to power the satellite traris- 
tions or the position of the sun, and mitb*rs should make Doppler-shift meas- 
there is little chance of a fals<.' radio urements possible over long pericals, and ^ 
sighting when the Doppler shift is ob- then more radio engineers and amateurs 
served. When the radio signals stop, can dabljle in this new branch of radio 
however, optical and radar observations astronomy. 

are all that remain. The use of solar — Ar.xold Peter.sox 


MEASUREMENT OF CABLE CHARACTERISTICS (Part V) 


MEASUREMENT OF VSWR 
OR UNIFORMITY OF IMPEDANCE‘« 

While not normally recpiired for most 
standard cables, this measurement is 
sometimes d(*sirablc in specific applica¬ 
tions as a m(*ans of chtr-king the uni¬ 
formity of cable eharat^teristics from 
point to point along the cable. Further¬ 
more, special experimental cables and 
new tyjM's of Iransmi.ssion lines may 
have unknown \'SWH characteristics, 
particularly if they are of a radical 
tlesign. There are several pos.sible meth¬ 
ods of making the measurements, mid 
methods of interpreting the ri^sults have 
not been standardiztHi. The measure¬ 
ment usuall>' requires some type of 
impedanc(‘-indicating device, with which 
the input impedanc(‘ of a relatively long 
cable sample is measured continuously 
or at closely spaced frequencies over one 
or more fre(juency ranges, d’he varia- 


>*llnmlripk, E., and Krupgu, L.. “Dntfrmiimtion of the 
ICquivalent Ueflection Kaotnr of Widi-Bnnd Cttblea,” 
TArfunkrn Ztg., v. 2H, 10 'k», p. Un Geriimn). 

KruoRPi “f.iiienr Int«'Kr:itioti of the Refloetwl 
1 *uIk?s a» u New .Standard for the Quality of Telcvnaion 
Cabh? lit^ngthu," Teie/utiken Ztg,, v. 28, lOuo, p, 241 (in 
German). 

C’otte, “Study of a Taftory lAUijfth of Cable by 
MeueiirenictiU of Tenninal Injptflance,*' Cahle* and 
Transmittirinn, v. 9, lO.Vi, p. ItU fin French). 

Fbrt^n, A., *‘lm»fjular Trniwnd/iniou Lines,” WirrUtm 
Enginerr, v. 31, March. 1U"»4, pp. ."itV-TO. 

Lorrin, J., “TwtinK of Munufaeturrd I^mgtha of 
Coaxial i.iuea for V'ery High Frp<]uenriea,'' Cablea and 
Trafiimi-nrion, v. 7, July, 1053, pp. 218-41 (in French). 

Widl, E.. “Survey of Mcthtab in Fse for Measure- 
nientt> on IIigh-Fro<|Uenpy Cables,” Ftmmtldftrch. Z., 
V. M. May. 1955, pp. 202-205 (in German). 

ainrkband, W. T., and nn>wn, D. R., “The Two- 
Poini Mcthral of Measuring ('’harartrrwtie ImiHMlance 
and Atteiiuatinn of Cnlih«» iit 3000 Me," JI E E., 
Part III A, PracrttUngn at the Radiolocation Con rent ion, 
V. 93, n. 9, Mnreh-May, 1940, pp. 13S3-0. 


lion of the impc'dance is a measure of 
cable uniformity. 

A tvfjical characteristic, measured on 
a 240l)-foot .sample of Type 874-A2 
Cable by means of a Type UiOl-A 
V-H-F Bridge'* for two narrow ranges 
near 2o Me and 100 Me, respectively, is 
shown in F'igure 11. 

At ultra-high frequencies, either the 
Type 1()02-H U-H-F .\dmittance Meter'* 
(41-l.)00 Me) or the Type S74-LBA 
Slotted Line'* (300-.7000 Me) can be 
used for \'SWR measurement. The Type ^ 
874-rB Baiun can lie used to .supple¬ 
ment the.se instruments for measure¬ 
ments on shielded or unshielded twiii- 
conduetor cables up to 1000 Me, al¬ 
though this bahm. being tuned, re¬ 
quires readjustment whenever fre¬ 
quency is changed. Cleneral Radio Lnit 
(Oscillators are satisfactory generators, 
and either the Type 1231-B Amplifier or 
one of the Type I)\T Detectors is a 
suitable detector for use with the slotted 
line. The most .sati.sfaetory detector for 
use with the admitlance meter is the 
Type DNT. 

More work is nefsled to devise a fast 
yet accurate method (jf making thes<‘ 
cable uniformity measurements with 
simple, commercially available equip¬ 
ment. 


>*I)inM ti«m« far muktiig WSWR menaurernenta will be 
found in the in.*»trurtirin Looks for !he.**c instrument#. 
For .“peeifientloiis and prices, w*e the latest Gencnil Roiiio 
catalog. 
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MEASUREMENT OF INSULATION 
RESISTANCE 

^ Insulation rosistancc has to bcmcas- 
ur(*d for certain cable types at a poten¬ 
tial of not less than 200 volts. General 
Radio Company nianufa<*tur«*s two in¬ 
struments that will make these meas¬ 
urements: the Typf: lSti2-B Mc»gohm- 
meter and the Typk .VI 1-RA .Mc^gohm 
MridRo. With either of tlu'se instniments, 
the measurement is made at a constant 
|K>tential of .500 volts, which is a Rener- 
ally accepted value**, and a Ruard 
terminal is available for eliminatiiiR, if 
necessary, any effects of leakaRe be¬ 
tween tlie leads connect iuR to the cable 
sample under test. 'ITu* basic accuracies 
of the two inslr\imenls are close'ly com¬ 
parable. If the measurement of cable 
iiLSuIation resistance is the only applica¬ 
tion contemplated ff»r the t(*st c*qui|>- 
mont, the simplicity of operation and 
lower cost of the Typk I8()2-H MeR<»hm- 

^ meter make it the loRi<‘al choice in most 
instances. The Typk .744-HA MeRohm 
BridRe, on the other han<I, can be 
adaptesi more readily to .spcH*ialize<I 
measurements in a res(»arch or develop¬ 
ment laboratory. 

FURTHER DISCUSSION 
OF ATTENUATION MEASUREMENTS 

Part II of this series, publi.shcHl in the 
.June Exjjfrimt'ntrr, dt?scribi*s a par¬ 
ticular method (»f att(*nuation meiusure- 
ment. T'hen* are, of course, other ways 
in which the details of the mea.surement 
can be handled, and it is interestiiiR to 
consider some of tlu^se alternatives even 
thouRh the technicpies previously de¬ 
scribed are still considered the lu^st. 

>^ASTM StAmlnnla on Inaulniiiig Materials 

D257-H0T. 


Figure II. Inpuf impadonc* ot a function of fro- 
quoncy for 2400 fool of Oonorol Rodio Typo 874-A2 
50-ohm Coaxial Coblo. 


Matched vs. Unmatched Unknown Cable 
Sample: As previously de.scribed specif¬ 
ically, the attenuation of an unknown 
cable sample is measure<l es-sentially by 
a substitution methcxl. 'Fhe sample is 
removed from an otJurwist -unrhnngcfi 
traiLsmi.ssion path, which inchuh^ both 
r-f and i-f circuits, betwcHui a constant- 
output Rcnerator (the unit oscillator) 
and a calibraUxl meter (part of the 
Type I21(’>-A I'nit 1-F Amplifier). The 
loss in the sample is partially replaccMl 
by increasiiiR the lo.ss of an accurate i-f 
step attenuator, and the remainiiiR loss 
is measure«J by the meter, which inler- 
polat<^ between steps of tin* attenuator. 

Let us e.xamine more carefully the 
siRiiiticance of ‘‘otherwise-unchanR(‘d” 
as used in the prec(‘dinR paraRiaph. 
With reference to FiRure 1, Part II 
(.June, 1957, Experimenter), the tran.s- 
mi.ssion path between Renerator and 
output meter includes the Renerator 
output coupling loop, a low-pa,ss filter, 
a lOKlb pad, a 3-fcK)t patch cord, luiother 
10-<lb pad, the unknown sample, a 20- 
db pad, a crystal mixer with local oscil¬ 
lator, a 30-Mc step attenuator, and 
several stages of i-f amplification. Few 
of the junctions IkUwcoii these elements 
are inatchcMi, .so that there exist .so- 
called “reflection losst's” at many of 


! 

t 

I 

\ 


vnMLi m ■ r>Mc.i0« •* r«ujiar. 

V ru* a* r.«| to mm CMMt 
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th<‘so junctions.* *' However^ bccaust' of 
thr isolatwn provitlvd hy thti podn on 
rithrr side of thv mm pie, removal of the 
unknown sample dws not clianjjc eondi- 
tions at atnj junctions rjccept those at the 
sample, rhcrcforc, the various rotlection 
losses in the system, except possibly for 
those associated with the* sample, are 
unchanged by rem<>val of the sample juid 
conse{|uently have no cff(*ct whatever 
on the measuremeiil. 

Retied ion loss4*s at the junctions as- 
so(‘iat<Mi with the .sample must be ctin- 
si«ler(^I wparately. and there are si'Veral 
dilTerent possible situations: 

(1) C'onsiiler, first, the m<*asurement 
of a otbohm coaxial cable samph*. Be¬ 
cause of use of oO-ohm pads at both ends 
of the unknown, mal<‘luMl conditions 
prevail at both junctions with thes^implc* 
in, and also at the junction betwe<‘n the 
pa<is with the sample out. Tlwre are. 
therefore, no reflection h»s.s<*s Hssociat('<i 
with tlu* unknown sample in this cjisi*. 

(2) C'on.sider. next, the measurdnent 
of a T.Vohm coaxial cable sample at 3(MM) 
Me. 'Fhe method that has b<*en de- 
scrilasl is to fabricate low-refk'ction pads 
from extra lengths of the same type 
cable as that beiiiK measured, each 
length having; about 10-<jb attenuation. 
Oin* of thesf' “cable pads” is iisisl at 
each eini of the unknown .sjimple be¬ 
tween it and the 50-ohm pad in the 
measuriiiK stdup, and both are left in 
the systcau when the sample is removed 
for a measurement. The junctions Ik^- 
IwiMMi the 5()-()hm ])ads and the 75-ohm 
cable pads are unmatched, of cour.se, 
like many othei's in the .setup, but tlu'-se 
junctions, is4)late<l like the others from 
the sjunple by the cable pads, are un- 
disturlxsl by removal of the unknown, 

*C‘i{,.rt,.rin,n ilu not iiM***»«inly lo-v* of 

(Hmrr by ili-^if nli<i|i, a* tru*’ aL-« for tlii» frriu '‘itiHrr- 
ti»n ll^ 1 •^,” bul rof^r* to a rt<<Jac*tii>n or "Uim’* of ixtwrr 
re<'i-ivr<«l !»>' N liMid mu a n-Milt of nti«>iiuitf'lir4l itn)K*<l«n<-r 
lr\'rU tirf^rrn «rnir»T i»ml lunii 


SO that this mi.smatch has no efTect on 
the measurement. It should be es|)ecially 
uotetl that in this case the nominal ^ 
impixiance of the connectors uscfl be- 
twf'en the cable samf)h‘ and cable pads 
must ec|ual the nominal impedance of 
the sample, althout^h th(» connectors 
usdl bet ween the 50-ohm pads and the 
cable pads are not critical. With the un¬ 
known .sample in, the cable pads etTec- 
tively match the siimpU* at both its ends. 
With the .sample out, the cable piuls are 
plui^dl toKethcT diriH’tly and match 
each other. 'Fhere are, therefore, no re¬ 
flection losst^s a.ssociatcfl with the un¬ 
known sample in this case either. 

(3) (.’on.sider, finally, the meibsuremeut 
of a 75-ohm coa.xial cable .sample at 
100 Me. The method we recommt*n<i in- 
vtilves usinj? the same 50-ohm pads at 
both ends as in the case* of 50-ohm 
.samph»s. C'able pails are not recom- 
rneiuhnl. IxM'au.sf* they would tx' incon¬ 
veniently lonp to j^ive 10-<lb attenuation ^ 
at 4IK) Me. With the sample in, there i.** 
a mismatch at eiwh of its ends corrt^ 
spoiuling to a \’SWR of 1.5 or a reflei*- 
tion ciK'fficient of 0.2,** which causes n 
reflection loss of 0.18 db for each junc¬ 
tion or 0.30 db for both.** With the 
.sample out and the 50-ohm pads pluggcnl 
together directly, then* is no reflection 
loss, rherefon*, as previously descrilxHl. 
a O.StVslb retle<*tion-los.H corrwtion must 
Ik* subtractfsl from the measured iiuser- 
tion lo.ss to obtain the true attenuation 

The necc*s.sity of making this small 
correction is a very minor di.sadvantage, 
which caibses no inaccuracy ainl which is 
more than justified by the re.su It ant .sim¬ 
plicity and convenience of the method. 
Incidentally, this same methoil, in which 

**A»nimiii|C that thf atirniuitiun of r«hlc ♦ample Is 6 ctb 

• •r innrr. which i< frr<*tit rtuiuich to itmkn tMultir*lo-rvflei'tioii 
cffei't* npielieible in thia t'xitiiipb'. 

**TUn»<* tiKurcv run i»« nniiily riUrulnt»<l from the forniulo* 

Kivpti in f'art II, pniC<'*' ^ htiH 7 of ihr June, Er- 

prrimrfttrr, or rvnil »Iir«H’tly from Fiifurp *1 on pme 7 
of that i»^no. 
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!ii> cable pads are inchulHl^ can also be 
used at 3(K)0 Me, since the reflection 
Ukss is independent of frecjuency. How¬ 
ever, MIL-C-17B Spevilication re<pnres 
I hat the cable sample be match(Hi, atid 
thus we have recommended usinj^ the 
cable pads as des<Tibe<l previously. 

The possible benefits to lx* f^aiiUHl by 
use of reactive matching networks 
(triple-stub tuners or the like) between 
<*ach end of the cable samph* and the 
measuring setup should be considered. 
Actually, the only |M)ssible benefit is the 
(Timination of the very small rcllection- 
loss correction just mentioned for the 
case of cable im|XHlances other than 50 
<ihms at 400 Me, where cable pads are 
loo cumbersome. On the other haial, the 
use of reactive matching networks for 
this application has important disad¬ 
vantage's. One is that a fair ih»gr<H» of 
(‘xperience is require<l to s(*t them prop¬ 
erly, and, if improp<*rly set, they can 
^ introduce both reflection-loss and at¬ 
tenuation-loss errors <»f unhimm values 
which can be larger than the minor, 
known reflection-loss correction they 
are intendi'd to elimiimte. Other disad¬ 
vantages are the niM*e.ssity of making 
the extra adjustments, the .space taken 
up by the tuners, and the extra co.st. 
Comparative Measurements: If dt^ire<i, 
suitable reactive matching netw<»rks can 
easily be asvsembletl from OH Tyi*k 874 
Stubs, Tet‘s, ami Line-Stretchers. Some 
comparative measurements were made 
to illustrate the foregoing discussion. 

(1) .At 400 Me, a l('»0-foot length of 
HO-59 V 75-ohm coaxial cable was 
measur<*d first by using 50-ohm pads 
and competing for the 0.3<>-db reflection 
loss, and next by using reactive match¬ 
ing networks at eacli end of the sample 
to eliminate reflet'tion loss. The net¬ 
works were initially adjusttnl. first one 
'^.and then the other, so as to give maxi¬ 


mum detector reatling. A more accurate, 
but in.significantly so, adjustment could 
have been made lusing :i .slotted line or 
a^lmittance meter, but the slight im¬ 
provement jKissiblc dfH^ not warrant 
the extra complication. The rc'sults W(*re: 
12.1 db less 0.3t) db reflection-loss cor¬ 
rection equals 11.74 db by the metluxl 
rccommendcHi and 12.0 db using the 
reactive nuitclung networks. The dif¬ 
ference of 0.20 db is within the accuracy 
of m(‘asurement. The higher figure of 
12.0 db is probably due to incidental 
losst‘.s in the networks. 

(2) .At 3000 Me a 30-foot length of 
HCl-59 V 75-ohm coaxial cable Wius 
measured in three ways: (a) I’sing 50- 
ohm pads and corre<’ting for the 0.3r>-db 
refhetion los.s. (6) using two extra 40- 
foot lengths of HG-59/‘T" cable as IO-<lb 
cabli‘ pa<is. with constant-impedance, 
75-ohm, r.vpe N Connectors use<! be¬ 
tween the siimple and the cable pads, 
ami (r) using reactive matching net¬ 
works. The results were: 7.8 db le.ss 
0.3() ill) refl<*ction-loss correction equals 
7.44 db for methoil (a), 7.4 db for 
methoii (h), and 7.4 db for method (r). 
The maximum difTerenee of 0.04 db is 
insignificant. 

R-F Standard Attenuator vs. I-F Standard 
Attenuator plus Interpolating Meter: 

'rh(‘ use of a continuously-variable r-f 
standard attenuator to measure un¬ 
known attenuations avoids dependence 
on the linearity of a crx'stal mixer, but 
the latter is not in the leiust unde¬ 
pendable. When used as a mixer in a 
heterodyne system, the crystal is in¬ 
herently linear, in contrast to its less 
dependable characteristics when ustnl as 
a squari'-law rec‘tifying detector, 'fhe 
heterodyne method of measurimient has 
biHMi u.sed at General Hadio for many 
years for the standardization of voltage 
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and attenuation at radio frequencies.*^ 
The National Bureau of Standards also 
uses (he prin<‘i[)le of an i-f standard 
attenuator in conjunction with a mixer 
and local oscillator to measure attenua¬ 
tion al microwa\'e frec|uencies with ex¬ 
tremely hi^h accuracy,**-*• and Hell 'rde- 
phone Laboratories’ jirecision trans¬ 
mission and phase measuring set also 
uses a precision. fixed-fre(|uericy. i-f 
attenuator in measurements to O.Oo db 
accuracy.** To insure i)recise linearity in 
a mixer, it is nece.ssary only to be sure 
that the lo<*al oscillator voltaic is suffi¬ 
ciently high- This fa(‘t can rea«lily be 
checked, in tlie setup we havi? described, 
by a measurement of tlie rectified mixer 
current with the panel meter of the 
Type l‘Jl()-A 1-F Amplifier, for which 
purpose a toggle switch is provided. It 
should read between SO per c(*nt and 
100 per cent of full scale. The i-f attenu¬ 
ator lias the important advaniaij;(‘ of 
operating at a fi.xefi, relatively low 
frecpiency where it can lx* more r(*adily 
standardiz('d with higher acM-uracy than 
can r-f attenuators at higher freciuencies. 
The step .‘ittenuator as used in the 
Type I21(i-A l-F AmplifuM* avoitls the 
high and frequency-variabh* initial in¬ 
sertion loss of the wavegui<h*-bev<uid- 
cutoff, piston type of r-f attenuator and, 
with its interpolating meter, can be read 
more easily and precisely than can a 
tyjiical siKual tiiiaierator out|)ut <lial cov¬ 
ering 120 <lb or rnon* in one revolution. 

Before the Type 1210-A I-F Ampli¬ 
fier l)ecam<‘ available, the 'rvpK 87-l-(L\ 
Attenuator, which is a continuou.sly- 

*«I.. n. Arfftnnibiin, "StunrljinluitiK thr Stundjird-Si»ninl 
Ocnerntur," (iffirrnl Hniiio Kri>trimviilrr, 12. 3 nnd 4, 
AuBU«l-S<‘plflnitic*r, 1037. 

**(Irjintliani, H. E., and Ere^mii, ,I J.. *’A Stnnd.-»rtl ot 
-Mtonuation for Slirrowavf Trawi- 

nctitmi. AIRE, v. HI, MUfi, p. 

2*Allir<Hl, f’. Pistnn National 

Kumiu of StuiulardH, XUS RrjHfrt 607ff, May 1, 19o7. 
^^Al-ljfTK, O A., and l.pc<l, Prp«*i>K? Dirort Hpading 

PItiiHp and Trunsniiahion MvomirinB .SyMciu for \ ideo 
rrp<pipnrips,” lUll Synlrm Technical Journal, Vol. 
XXVtir. No 2. Aiiril. HMU. p 221 


variable, accurate, r-f attenuator, was 
recommended for cable attenuation 
measurements, and many cable manu- ^ 
facturers are today using this devic(‘ 
with exc(‘llent results. Neverf hel(*.s.s. 
everyone who has trietl the i-f step at¬ 
tenuator system that is now availalile 
has (juickly appreciat(‘d the improves 1 
convenience, spe(‘d. and ea.se of reading 
of the new system. 

Monitoring Generator Output: The in¬ 
expensive unit oscillators recommended 
do not have output meters, and oik* 
must depend upon their constancy of 
output. In order to insure the latter, 
it is neces.sary to drive them with a 
Type 1201-A Fnit Hegulated Bower 
Supfily as previously de.scribed. In addi¬ 
tion, and this was not mentioned before, 
it is (h'sirable to operate the entire .stUiip 
from a regulated line, because the Type 
1201-A Supftly floes not regulate heater 
voltagi*. which influences oscillator oul- 
]nit to a small extent. Regulation of the ^ 
entire sf'tup also will stabilize local- 
oscillator output, which is especially de- 
siral)l(* for 3000-AIc me.a.surements. 

Tlu* saturabkM'ore. constant-voltage 
transformer is generally sati.sfactory ff>r 
this application and is probalily, Ik- 
causL* of the availability of units with 
.small ratings, the most practical type of 
regulalor if no other efiuipment ref|uires 
a regulated linf\ However, for regulating 
power to additional efjuipment also, whi(‘h 
would refpiirea larger-capacity regulator, 
a Type loTO-.V Automatic Voltage Regu¬ 
lator** is highly recommended. 

With regulation as described, reconl- 
ings show no perceptible change in out¬ 
put, either as a function of time or of 
input voltage; so it can be .safely as- 

**It run handle up to 0 KVA. ia ticrurate to ± 
inlrtHhu'CH no wiivcfortn diatortion. and ii< .Kniuller uml 
lower in prire than too*;! i‘niii|>cTitivc rogulatora. .MthouitU 
it is ••leorroionrhanlral, for tno«t line flurtuatiorL*, which _ 
are small ones, it it* prarficully ns fust ns inost of the 
called “instantaneous" reBuhitors. 
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siimod that orrors will not be introiiuecd 
into cable attenuation measurements 
^ from this source. 

Checking Over-all Accuracy: The equip¬ 
ment that has been described will hold 
its accuracy for a long time, but a 
simple chiM-k can verify it at any time. 
.Merely use* the setup t*) meiisure the 
attenuation of an extra Tyim*: 87-4-CMO 
lO-db Pad, which can in turn be* «’h<‘cked 
at dH' or audio fre(|uencies. 'I'he fn^- 
(|uency charact<*ristic c)f this pad is 
dependably known and is iu‘gligible b(>^ 
tween d-e and 400 Me. .\l 3000 Me its 
attenuatiem is known tt) 1 k' 0.3 db higher 
thaji its low-frtaiuency value. 

'Fhe detector system can also be 
checked directly at 30 .Me by connecting 
ail accurate signal generator to the i-f 
am pi i tier input. However, many signal 


generators cannot be read so precisely hs 
can the i-f amplifier meter and attenuator. 

NEW CABLE MEASUREMENT KITS 

Since we can siqiply eviTVthing neces- 
stirv to metiKure nearly all cable ty|H?s, it 
has bii'n sugg<*ste<l by customers that 
wc olTcr “cable measuring kits” to 
simplify the job of sel(*cting the right 
equipment and to avoid the nuisance of 
overlooking one or two small parts and 
having to place a separate order for them 
later. Furthc‘rmore, a single source of 
supply givesas,surauce that all the(‘(|uii)- 
ment will work tog<*ther properly. We 
think the suggi^stion is a good one, ainl 
we, accordingly, have worked out a 
basic kit with two supplementary kits. 
Order by kit type number; it is not 
n<Ma*s.sarv to list individual items. 


TYPE 1671-A BASIC COAXIAL CABLE ATTENUATION MEASURING KIT $1456.40 

('oinpletc* fMpiipmont for iiu‘:i»uriitu attenua- sortiiieiit of iNiniuMaors. ropLiriMiieiit fernilt's, 
^ tioii of most nmxiai t*al»k*s at |(X) afid^IHX) -\Ir. umJ adaptors for tiuikiiig iMumoi'tions to varioii.s 
liirludes all iii.slrunieiits lUHxIfNl plus large a.**- cable typc>s. 


QimtUity 

1 Type 

Xame 

Unit l*nce 

Total 

1 

120a.B 

Unit Oicillator... 


$200.00 

1 

1220-A2 

Unit Klystron Oscillotor. 


272.90 

1 

1201-A 

Unit Ragulotod Powor Supply. 


85.00 

1 

' 874>F500 

500-Mc Low-Pass Filtor.. 


16.00 

3 

' 874>G10 

Fixed Attenuator... 

$25.00 

75.00 

1 

G74.G20 

Fixed Attenuator. 


25.00 

1 

874.MR 

Mixer Rectifier . 


32.50 

I 

1209.B 

Unit Oscillator... 


235.00 

1 

1216-A 

Unit I-F Amplifier. 


335.00 

<; 

874.C 

Coble Connector... 

2.00 

12.00 

G 

874-C8 

Cable Connector .. 

2.00 

12.00 

G 

874-C9 

Cable Connector . 

2.00 

12.00 

(i 

874-C58 

Coble Connector. 

2.00 

12.00 

ti 

874-C62 

Coble Connector. 

2.00 

12.00 

50 

FEC-2 

Ferrule. 

.10 

5.00 

50 

FEC-3 

Ferrule... 

10 

5.00 

50 

FEC-7 

Ferrule.... 

.10 

5.00 

50 

FEC-9 

Ferrule. 

.10 

5.00 

2 

874-ONJ 

Adaptor with Type N Jock. 

3.75 

7.50 

2 

874.QNP 

Adaptor with Type N Plug . 

4.50 

9.00 

2 

874-QBJ 

Adaptor with Type BNC Jock. 

4.75 

9.50 

2 

874-QBP 

Adopter with Type BNC Plug,... 

4.75 

9.50 

2 

874.QCJ 

Adaptor with Type C Jock... 

4.75 

9.50 

2 

874.QCP 

Adaptor with Type C Plug. . . 

6.25 

12.50 

2 

874.QHJ 

Adaptor with Type HN Jack. 

6.50 

13.00 

2 

874-OHP 

Adopter with Type HN Plug. 

6.50 

13.00 

2 

874.0UJ 

Adaptor with Type U-H-F Jock. 

4.00 

8.00 

2 

874-QUP 

Adaptor with Type U-H-F Plug. 

4.25 

Total 

8.50 

$1,456.40 
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TYPE 1671-A2 SUPPLEMENTARY KIT FOR MEASURING COAXIAL CABLE Zo, 
V, AND C. $1447.00 

Adds to basic Type 1671-A Kit all iiistru- as capacitance and canacitiincc unbalance of 

monts lunl accessories iu*ede<l to measure char- most shieldetl or unsnieldetl twin-conductor 

actehstic im|^lance, velocity of propagation, cables, 
and cafmcitjince of most coaxial cables as well 


QiuilUity 

Type 

Xnme 

Ihiit Price 

Total 

1 

12I4.A 

Unit Oscillator. .. 


$ 75.00 

2 

874-Q2 

Adaptor to GR Type 274. 

$4.25 

8.50 

T 

874-VQ 

Voltmeter-Detector. 


30.00 

1 

SrA-VilA 

50-ohm Termination. 


12.50 

1 

1212-A 

Unit Null Detector. 


145.00 

1 

1203-B 

Unit Power Supply. .... 


40.00 

1 

1951.A 

Filter. 


75.00 

1 

716-CM 

Capacitance Bridge. 


600.00 

1 

505.F 

Capacitor. 


6.00 

1 

720-A 

Heterodyne Frequency Meter... 

Total 

455.00 

$1,447.00 


TYPE 1671-A3 SUPPLEMENTARY KIT FOR MEASURING BALANCED, TWIN- 
CONDUCTOR CABLES . $462.00 

.\dils to basic Type 1()71-.\ Kit atid supple- im|)ediincc, and velocity of propagation of 
nientary Type I(i71-A2 Kit all accessories shieldetl or unsbieldetl twin-conductor cables, 
iieetled tt» measure attenuation, characteristic 


Quantity 

Type 

Xarne 

' V nit Price 

1 Total 

2 

874-UB 

Baiun... 


$iw.od~ 

4 

874-D20 

Adjustable Stub. 

.. 14.00 

56.00 

4 

874-L10 

50-ohm Air Line... 

.. 5.50 

22.00 

2 

874-UB-P2 

200-ohm Terminal Unit. .. 

6.50 

13.00 

2 

874-UB-P3 

300-ohm Terminal Unit. 

.. 15.00 

30.00 

2 

874-UB-P4 

Adaptor. 


100.00 

2 

874-UB-P4A 

Adaptor Coble. 

. 18.00 

36.00 

2 

1000-P5 

V-H-F Transformer. 

.. 27.50 

55.00 




Total 

$462.00 


Insulation resistance measurements are usu¬ 
ally haialletl sep.arately frtun the high-fretpiency 
measurements; so the following instniments for 
im^asuring insulation resistance are lisU*d l»elow 
separ.ately; 


Typ« 1862-B Megohmmeter. $255.00 

Type 544>BA Megohm Bridge. 365.00 


For automatic lini*-voltage regulation: 

Type 1570-AL Automatic Voltage Regulator $480.00 
(Bench, rock, or wall model) 


The author wishers to acknowItHlgi* the 
many helpful .suggest ioius reeeivtMl from 
Robert A. Sodermaii an<i the assistaiiee 
of lOtlward F. Sutherland, who made the 
comparative measurements reported. 

This article conchidt*s the .series, “The 
Measurement of Cable (Characteristics.” 
Reprints will be available soon to any¬ 
one who re(|uest.s them. 

— \V. R. Thuhston 



General Radio Company 

extends to all Experimenter readers its best wishes 
for a Merry Christmas and a Happy New Year. 
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